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Introduction ( :}\;/

National Weather Service Mission Statement

" The National Weather Service (NWS) provides;weather; hydrologic,
and climate forecasts and warnings for the United /States, Its
territories, adjacent waters and ocean areas, for. the protection of
life and property and the enhancement.ofithe national

economy. NWS data and products form anational/information
database and infrastructure which can be used by other
governmental agencies, the private sector, the public, and the global

community. "

The people of Upper Michigan need winter.weather _
Information that depict accurate hazards for the area. With
or- without headlines, winter weather affects:

Safety
Commerce

Wi Help me help you” - Our understanding of our. customer winter
WA “Sweather impacts further helps us help the community mitigate
winter weather impacts




BackgrounCiERSy

In the past, all of our winter statements
focused purely on the meteorology
(snow/ice accumulation, etc.).

We had little idea of what impacts really
occurred during winter weather and
whether our winter weather
advisory/warning criteria was adequate.




Background {

Upper Michigan receives all “types of
snowfall with significant differences in

SLR values

| ake Effect Snow
System Snow

Lake Enhanced Snow

Forecasters had a sense that different
*}b Lypes of snow related to different impacts,
N ‘BUut it was unclear of what those were.
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Snow to Liquid Ratios (SLR) for NWS Marquette
for Lake Effect, Lake Enhanced and System

Snowfalls at least 1in/6hr

Solid Bar -- Median Value; Boxes 25th-75th Percentile; Whiskers 10th/90th Percentile
(x - extreme values)

n=95 n=84
mean=34 mean=19

Enhanced




Objective

Better understand impacts related to Upper
Michigan winter weather

Refine winter weather headline issuance criteria and
to account for community Impacts

Better communicate sociological and economic
Impacts in statements




Methodology ( :};/

Collect incident reports from 2007-2012 myViarguetie
County

Incident reports included Traffic Accidents/incidents,
Power Outages, Exposure

Gathered meteorological data for same period:

WFQO Marquette data included: Six hourly snowfall and
Liguid Equivalent, Winds and Six hourly max/min
temperatures

MCGM4 data included: Winds and Six hourly max/min
temperatures

i, Relate the meteorological data with incident reports

v “Use the findings to possibly refine our winter hazard
® " [criteria and to place impact statements in our. products




WFO Marquette CWA features widel
microclimates

Higher Terrain vs. lakeshore vs. swamp

10-20°F difference between MCGM4 and WEQO MQT|
common

Lake effect snow accumulations vary extensively
Elevation differences

411 MCGM4
/" Elev: ~630ft

7 miles apart

» WFO MQT
Elev: ~1450ft




Challenges anad

Six hourly snowfall data resoluti
Spatial: Only available at WFO MQT,

Temporal: Six hourly minimum
Did 6 inches of snow fall in 2 hours or 6 hours?

20082009 SEASON
- SNOWFALL TOTALS

<50”

50-100” 200-250”

100-150” [N >250”

Snow totals provided by National Weather Service
cooperative observers and snow spotters




In the |latest round of this research; We
compared traffic incidents to several
contributing factors. These include:

Snowfall Amounts
Time of Day

Day of Week

SLR

Wind Speeds

Temperature




Snowfall Number of Total
Range (in) events Incidents

No Snow
T-0.5
0.5-1

1-2

2-4

4-6

6-8




Day Vs. Night :};/

Daytime periods had more incidents
regardless of weather conditions
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12 Hour Snowfall



Accidents/occurrence

Time of Day.

Late afternoons and early evenings had/mofe
Incidents regardless of weather conditions

Time of Day

NoSnow T-05 05-1 1-2
6 Hour Snowfall

2-4

m 00Z-06Z

m06Z-127
m127-187
m187-00Z




Low Vs. High SIREE X

Lower SLR values yielded higherincidents,
especially values above 1 inch.

Accidents/12hrs

m SLR<20
m SLR=20

12 Hour Snowfall



§ Low Vs. High SLR -AMInRdY :&
~ Max Wind speeds >=15 kt counted

High SLR combined with stronger. winds;generally

yields more accidents
Blowing snow reduces visibility with moreidrifting

m SLR<20
m SLR=20

12 Hour Snowfall



Low Vs. High SLR =I8@it \\\

Wind speeds <15 kt counted
Lower SLR values create more accidents;auring

light winds, especially with higher.sficwrialls.

Accidents/12hrs — Wind Speed <15 kt

8
S 25.0
O
= 20.0

515.0

10.0
m SLR<20

m SLR=20

12 Hour Snowfall



dHigh SLR - Calm Vslindy =

High SLR snow worse in windy conditiofisitiian calm
conditions

Accidents/12hrs — High SLR

Wind<20kt
m \Wind>=20kt

12 Hour Snowfall



/ Low SLR — Calm Vs \Windy. :3:,/

Difference between windy and calm conditicisimore

similar than with high SLR snow.
Low SLR snow is less prone to blow around

Accidents/12hrs — Low SLR (<20:1)

Wind<15kt
m Wind>20kt
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12 Hour Snowfall 20




12 Hour Snowfall



Very intense, but short lived storm. Nearly 50 incidents
were reported during the height of the storm (around
morning commute - Tuesday)

Storm total snowfall =4.5in

<-'~'SLR 1311
} ’er%/ antense sustained winds > 35 mph
ye

q‘uent vsby < 1/4sm
Uh‘./n ‘

o = Duration|ofithe main event (snowfall rates 1-2 in/hr) only
lasted 2 hours (not blizzard criteria).

Courtesy: The Mining Journal



" Incidents
s Snowfall (in)
= == SR
B Peak Wind (mph)

11/27 06z 11/27 12z 11/27 18z 11/28 00z




b 4 ﬁIEM NEXRAD Composite Base Reflectivity
Valid: 04 Dec 2007 13:60 UTC

Classic long duration LES event —
10.3/in snowfall in 24hr (60hr
snow of 2+ ft) during the week

SLR ~ 32:1
“Hleaf Blower Show

"Hfily 84 incidents in 24 hr

4~<w

‘ *-Weak winds (<20Kkt)

aily Mining Gazette

rtesy:




mmm Snowfall (in)
——SIR
B Peak Wind (mph)

12/04 18z 12/05 00z 12/05 06z 12/05 12z
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What these resultsthave
allowed us to dox:

Refine our advisory/warning criteria:

8 inches for LES (>= 20:1 SLR)
6 inches for system snow (< 20:1 SLR)

We also give more forecaster discretion for “windier” events
and/or issuing statements for critical time of . day (commute
times) or special events.

Not place as dire impacts in our “standard” LES situations

Focus more on the sub-advisory, high impact situations

Issue non-traditional statements for these events

’ Develop new Decision Support type products based on
éﬂ simpacts...



Decision Support Activities for
Winter. Weather. at NWS MQOQT




"9 -
<50” 150-200” | 5\,

50-100” 200-250"

100-150” [J>250"

Snow totals provided by National Weather Service
cooperative observers and snow spotters

Census 2000: Michigan Profile :

Population Density by Census Tract

USCENSUSBUREAU
Helping You Make Informed Declsions +1902-2002

Someplacesinupper
Michiganisee ever;250
Inches ofisnoew each
year

Amounts vary greatly
from close to Lake
Superior-to well inland.

Although the population
of . Upper Michigan is
small (only +/- 500000
people), Impacts from
snow can still be
significant (even with
amounts less thanour
traditional warning
criteria).
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% R Primary Users of our; V?’nter
Forecasts "

Public

Transportation Sector (i.e. MIDOT;, County
Road Commissions)

Schools

Emergency Managers

1'%
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Our goal with WInterginiss

To provide the best informationifor
decision making using technolegy: by
leveraging our. digital forecast database.

We also want to give our customers detail
on exactly where the worst conditions will
occur

Eor high impact events, we also use more
. Lraditional type of DSS including:

Conference Calls
Webinars

Phone-Phone contacts



“City, St" or Zip Code

Upper Michigan Winter Hazards

Last Updated: Sun Feb 10 12:25:02 GMT 2013.

This Morning | This Aftn | This Evening | Early Mon AM | Mon Morning | Mon Aftn [ Mon Evening | Early Tue AM

WWinter:
rleizzirels Pzicje

This page allows us to
package all of the winter
hazards into a temporal
series of images (6 hourly)
« Itallows our users to
quickly see what winter
hazards will affect them
without having to sort
through a long forecast
« Differentiates between
“types” of snow as well as
the main hazards based on
our winter impact
experiment

Heavy Snow is more than 3" inches of snow (4" Lake Effect). Moderate Snow is more
than 1.5 inches of snow.

-

Heavy Snow . Moderate Snow Blowing Snow

‘Heavy Snow/Blowing Snow § lModerate Snow/Blowing Snow

Heavy Ice is more than 0.12" ice accumlation. Moderate Ice is more than 0.04" ice
umlation

-‘Heavy Ice I:] Moderate Ice

D‘Heavy Ice/Heavy Snow . Moderate lce/Heavy Snow
|_| r\\
. ‘Heavy Ice/Moderate Snow &\ Moderate Ice/Moderate Snow

.‘Hvy Snow/Hvy Ice/BLSN IE‘HW Snow/Mod Ice/BLSN ‘E |Hvy Ice/Mod Snow/BLSN

‘Mod lce/Mod Snow/BLSN .lNo Hazardous Winter Weather ‘

HH

Disclaimer Privacy Policy

sredits About Us
recast Office Glossary Career Opportunities

Derived from our Digital Forecast



National Weather Service Weather Forecast O

Marquette, Mi

Home Site Map News Organization Search for: GEEEEED © Nws ® AllNOAA @D

Local forecast by

"City, St" or Zip Code

© - .
- Upper Michigan Winter Hazards
XML RsS Feeds
Current Hazards
Watches/W i
it Last Updated: Sat Feb 16 16:25:01 GMT 2013.
Submit Report
Cpen e This Aftn Early Sun AM Sun Aftn | Sun Evening | _Early Mon Al
Radar
Satellite
Snow Cover
Snowfall Analysis
Precip Analysis
Forecasts
Forecast Discussion
Local Area
Activity Planner
Aviation Weather
Fire Weather
Marine Weather
Severe Weather
Winter Weather
Hurricane Center
Hydrology
Rivers & Lakes
Climate
Local
National
Drought
More...
Weather Safety
Preparedness
Weather Radio

StormReady

Additional Info
Education Resources
Coop Observer

Top News Archives
Our Office

Winter Weather Monitor]
Links and Local

Information
Contact Us
Contact Info

Feedback

) L I . r : /

‘Heavy Snow is more than 3" inches of snow (4" Lake Effect). Moderate Snow is more
than 1.5 inches of snow.

.|Heavy Snow .lModerate Snow {Blowing Snow

Can be very specific

- ing Snow |8 Snow/Blowing Snow
re a r d I n Wh e re t h e Heavy Ice is more than 0.12" ice accumlation. Moderate Ice is more than 0.04" ice
accumlation

-|Heavy Ice |:”Moderate Ice

‘Heavy Ice/Heavy Snow . IModerate Ice/Heavy Snow

Heavy Ice/Moderate Snow §: Moderate Ice/Moderate Snow
Ry

‘IMod Ice/Mod Snow/BLSN .INo Hazardous Winter Weather “

worst conditions
will occur.

|Hvy Snow/Hvy Ice/BLSN lﬁley Snow/Mod Ice/BLSN “i»!Hvy Ice/Mod Snow/BLSN




Probabilistic Snowfgfl;l

Based on PQPF work done by Steve Amburn (NWSsHlulsa)iand
PSNOW work by Dr. Greg Mann (NWS Detroit/Bontiac)

Derived from PoP and Quantitative SnowAmt forecasts

Allows us to give an unconditional probability to exceed specified snowfall amounts

Based on the climatological distribution of precipitation, which very
closely matches the special gamma distribution called the
exponential distribution ( results similar to Jorgensen, Kilein and
Roberts, 1969)

Indicates that the probability of receiving larger rainfall/snowfall amounts
decreases exponentially as amounts get larger

Allows us to quickly give customers our. confidence on critical
snowfall thresholds as well as our likely range of values

ehttp IIwww.crh.noaa.gov/imat/?2n=papf. explain for more details
2 1.8



http://www.crh.noaa.gov/mqt/?n=pqpf_explain
http://www.crh.noaa.gov/mqt/?n=pqpf_explain
http://www.crh.noaa.gov/mqt/?n=pqpf_explain

Experimental Probabilistic Snowfall Forecast for the Upper Peninsula

ic quantitative p

(PQPF) and quantitative snowfall (PSnow) provide our best estimate of the chance that any given location will receive an amount of
rain/snow that exceeds a certain threshold value. For more information go to_hitp //www.crh. noaa govimgt/?n=pgpf_explain.

12 Hour Probabilistic Snowfall Forecasts

2110/2013 2111/2013 211272013
ending at 8am — ending at 8pm | ending at 8am -- ending at 8pm | ending at Bam - ending at 8pm

&y &
&y v &

and Forecast A
2/10/2013 2/11/2013 21212013
ending at Bam - ending at 8pm ending at 8am — ending at 8pm | ending at 8am -- ending at 8pm

T

Minimum
12 Hour Snow Amounts
2102013 211172013 21272013
ending at 8am -- ending at 8pm | ending at 8am - ending at 8pm ending at 8am -- ending at 8pm

>

Click the map for the 12 hour Snowfall Forecast for each county

.2/ Thanks to NWS Detroit for much of the software



Wiritar Vernitor
SEJE

One stop shop for all of our
winter products

Where we send everyone too
for winter information

Also links to other outside
pages
 Webcams
« DOT Road
Conditions
 WHPC products

v

Local forecast by

“City, St" or Zip Code

o
XMLY RsS Feeds

Current Hazards
Watches/Warnings
Outlooks
Submit Report

Current Conditions
Observations
Radar
Satellite
Snow Cover
Snowfall Analysis
Precip Analysis

Forecasts
Forecast Discussion
Local Area
Activity Planner
Aviation Weather
Fire Weather
Marine Weather
Severe Weather
Winter Weather
Hurricane Center

Hydrology
Rivers & Lakes

Climate
Local
National
Drought
More...

Weather Safety
Preparedness
Weather Radio
StormReady

Additional Info
Education Resources
Coop Observer
Top News Archives
Our Office
Winter Weather Monitol
Links and Local
Information

Contact Us
Contact Info
Feedback

e

Site Map Organization Search for: QD * Nws ® AllNOAA

Winter Monitor

«..HEAVY WET SNOW AND MIXED PRECIPITATION DEVELOPING THIS AFTERNOON
AND CONTINUING THROUGH MONDAY...

.LOW PRESSURE OVER SOUTHERN NEBRASKA THIS MORNING WILL TRACK
NORTHEAST AND MOVE ACROSS THE UPPER GREAT LAKES MONDAY. WET...HEAVY
SNOW ASSOCIATED WITH THIS LOW WILL OVERSPREAD UPPER MICHIGAN THIS

AFTERNOON AND EVENING. ACROSS PORTIONS OF CENTRAL UPPER MICHIGAN...THE
SNOW WILL MIX WITH SLEET...FREEZING RAIN AND RAIN. EXPECT THE MOST
PERSISTENT...HEAVIEST SNOW ACROSS THE NORTHWEST HALF OF UPPER
MICHIGAN INTO THE DAY ON MONDAY. EVEN AFTER THE LOW PRESSURE SYSTEM
MOVES AWAY FROM THE AREA MONDAY AFTERNOON AND THE SNOW DIMINISHES
OVER THE INTERIOR NEAR THE WISCONSIN BORDER...THERE WILL BE LINGERING
LAKE EFFECT SNOW NEAR LAKE SUPERIOR.

Click on the map below for the latest forecast.

=2 Read watches,
. fgj warnings &
i ¢ advisories
Grarid marais, SEND US your

snowfall/precipitation reports.

NEW: 6 hourly Winter Hazards
Graphics

® .

Latest Forecasts Observations/Snowfall

® J
* Watches/Warnii ies o Recent COOP Reports e Hazardous Weather
o Special Weather Statements ¢ Hourly Weather Roundup Outlook 7
o Marine Headlin . | Storm R: o Area Forecast o R et
Discussion 4 5
 Heavy Snow 4
Discussion
s y
Decision Support
12 Hr P et o 24 Hr Observed Weather Map Ice Accumulation Day 2
Snowfall Forecast Precipitation Forecast Snowfall
&
Precipitation robabilitie: n

Forecast Conditions for the Upper Peninsula
The graphics below are for expected weather conditions for Upper Michigan. Clicking on an image will

Forecast Temperatures for the Upper Peninsula

The graphics below are "snap shots” of expected highs, lows, and




A graphical way to look at a complete suite'efiweather and
water hazards across Upper. Michigan (including winter
hazards)

Developed by NWS Springfield Missouri.

Tiotally derived from our gridded forecast database
(although manualintervention is also necessary at times)

Daily resolution out to 7 days

Enhanced Hazardous Weather Qutlook - Maximum Risk for Each Day (click link or hazard icon to enter site)
TodayTonight Max. Risk Days 2 to 7 (All Hazards)

{ ‘v
U e Wint Sun (| Mon || Tue (f|Wwed ||| Thu
ot fm vere loodi Inter Apr Apr Apr Apr I'u'la].r Ma].r
A Thunderstorms : N \weather 23 29 3u
l;l‘.n v J

---@¥%=%===




Product Survey National Weather Service - Marquette, MI - Product Description Document
Enhanced Hazardous Weather Outlook (EHWO

The Enhanced Hazardous Weather Outlook is an experimental product that will be posted to this page for evaluation. We encourage your comments or
suggestions for improvements using the elecironic survey provided. Your feedback will help us determine product utility, if modifications are needed, and whether the
product should become part of our operational suite.

The Enhanced Hazardous Weather Outlook is a decision support senvice that supports preparedness and response efforts prior to and during hazardous
weather. This service provides decision makers with convenient access to potential weather hazard information by graphically depicting the risk of weather hazards out
through seven days.

Product Suite Last Updated: Monday Apr 29, 2012 D09:59:41 AM
Preparedness Video Briefings | Briefing Pages | Radar [ Satellite HWO Text | About EHWO | Navigate EHWO |

Risk Level LT

Little (<1 inch) or No snow or sleet accumulation.

Snow andlor sleet expected from " System Snow" to
accumulate 1 to 2.9 inches
ANDIOR
"Lake Effect Snow" to accumulate 1 to 4.9 inches.

Risk Level - Legend
Snow and Sleet

Risk

To display hazard maps, click on any of the risk level
indicators below.

National Weather Service - Marquette, MI
Snow and Sleet Risk
TodayTonight

Snow andlor sleet expected from " System Snow" to
accumulate 3 to 5.9 inches
ANDIOR
“Lake Effect Snow" to accumulate 5 to 7.9 inches.

LIMITED

Snow andlor sleet expected from " System Snow" to
accumulate 6 to 9.9 inches
Significant ANDIOR

“Lake Effect Snow" to accumulate 8 to 11.9 inches.

Snow andlor sleet expected from " System Snow" to
accumulate more than 10 inches
ANDIOR
EAETE "Lake Effect Snow" to accumulate more than 12
inches.

National Weather Service WFO Marquette MI




Thank You

Questions?

justin.titus@noaa.goV

michael.dutter@noaa.goyVv




